We examined the relationship between MRI lesions and electro-clinical findings with special attention to the localising value of aura sensations and the sides of interictal epileptiform discharges in 327 patients with symptomatic localisation-related epilepsy. As a result, while autonomic as well as psychic auras were correlated with temporal lesions, simple motor seizures were associated with extra-temporal ones. Within the group of patients with temporal lobe epilepsy, autonomic but not psychic auras concurred significantly more often with medial temporal structural lesions. Furthermore, there was a significant difference between concordance rates between sides of MRI lesions and EEG foci as a function of laterality: while the right-sided MRI lesions constantly showed ipsilateral EEG foci, EEG foci concurring with the left-sided MRI lesions proved to be often falsely lateralising. From these results, we assumed that lateral as well as medial temporal involvement is needed in the genesis of the psychic aura in contrast to the autonomic aura, which could be induced without lateral temporal involvement, and lesions in the left hemisphere are more apt to induce secondarily epileptogenic than those in the right hemisphere.
INTRODUCTION
During the rapid development of refined technology that has enabled visualisation of the functional anatomy of the brain, such as PET, and ictal and interictal SPECT, some interesting issues regarding the topographical aspects of epileptic manifestations, first pointed out decades ago, have been left unstudied, except for a few notable exceptions, for example the localising value of aura sensations and asymmetrical distribution of sides of interictal EEG foci. There have been only a few reports that have examined the value of localising aura sensations in clinical settings [1] [2] [3] [4] , and they are mutually contradictory. Stimulation studies have also presented different views on the responsible areas for specific aura experiences [5] [6] [7] . Further, though secondary epileptogenesis has been intensively studied and discussed after Morrell's series of comprehensive reports 8, 9 , an intriguing aspect of interhemispheric migration of the epileptic foci pointed out by Hughes 10 remains to be elucidated, that he indicated right-sided foci remained confined to the original side. As for the left-sided overrepresentation of epileptiform discharges, there have been no additional studies, which would be important to further examine this function of the side of structural lesions. Since findings with auras as well as interictal EEG findings are readily available, compared to data gained by time-and cost-consuming modern procedures, the timeliness of such studies is also significant. The present study aims to re-examine the value of localising aura sensations and laterality of interictal EEG foci in relation to structural lesions revealed by MRI.
SUBJECTS AND METHODS
We retrospectively reviewed the case notes of 435 patients with epilepsy who had undergone MRI examinations at Kansai Regional Epilepsy Center or the Department of Neuropsychiatry in Wakayama Medical University between April 1986 and June 1999. Auras were classified into the five major ILAE categories 11 : somatomotor, somatosensory, special sensory, psychic, and autonomic auras, with a minor added modification. Ictal fear was categorised as an autonomic instead of psychic aura, because our previous study 12 as well as that of Taylor and Lochery 13 indicated that ictal fear shares more common features with autonomic rather than psychic auras. Both epileptic syndromes and types of epilepsy were diagnosed purely electro-clinically, independent of findings gained by such visualising equipment as MRI, SPECT, or PET, based on the ILAE classification system 14 . Subsequently epileptic syndromes were not reclassified by such visualising equipment.
Standard MRI findings were obtained with a 1.5-T scanner, and included T1-weighted, T2-weighted, and proton density scans. In case of need, for optimised imaging of the mesial temporal region, measurements were made of the orthogonal and parallel series to the long axis of the hippocampus (T2-weighted images, 5 mm thick, 1 mm gap, matrix size 512 × 512), using the same method as noted in our previous report 15 . According to the MRI findings, we grouped patients with localisation-related epilepsy (n = 327) into four groups: lesions only in the temporal lobe, lesions only in the extra-temporal regions, lesions in both temporal and extra-temporal regions, and without structural lesions. After examining the clinical features based on this categorisation with special attention to aura sensations, further analysis was performed within the group of patients with TLE in view of hippocampal atrophy. A patient was judged as having unilateral EEG foci when more than five consecutive records showed interictal epileptiform discharge on the same side.
Statistical analyses were made by the chi sqaure test with Yates' correction for small numbers. 
RESULTS
Basic clinical data and epilepsy classification Table 1 shows basic demographic data and epilepsy classification of the 435 patients. As expected, while about half of the patients with symptomatic localisation-related epilepsy (53%) and symptomatic/ cryptogenic generalised epilepsy (46%) showed some structural lesions on MRI, only rarely (5%) were positive MRI findings seen in patients with idiopathic generalised epilepsy. Patients with symptomatic localisation-related epilepsy (n = 327) were further subdivided electro-clinically into frontal lobe epilepsy (n = 27), TLE (n = 141), parietal lobe epilepsy (n = 6), occipital lobe epilepsy (n = 8), and other symptomatic localisation-related epilepsy which could not be further specified (n = 145).
Localisation Table 2 shows the localisation of structural lesions found with MRI along with a summary of aura sensations. A statistically significant predominance of somatomotor auras was confirmed in the extra-temporal group. This statistical predominance was shown in comparison with the temporal (n = 74), extra-temporal (n = 34), and no MRI lesion groups (n = 151). In the temporal group, there was a statistically significant predominance of psychic (n = 10) and autonomic auras (n = 35). This predominance was confirmed in the temporal and extra-temporal groups. Interestingly, when a comparison was made between patients with hippocampal atrophy (n = 60) and those without (n = 81), within the group of TLE, the statistically significant association between psychic auras and corresponding lesion disappeared (chi square = 2.80, P > 0.05). In contrast, the association between hippocampal atrophy and autonomic auras remained statistically significant (chi square = 4.42, P < 0.05).
Lateralisation
A striking predominance of left-sided lesions was found in the symptomatic localisation-related epilepsy group (63%) and was even more remarkable with regard to temporal lesions (65%). Even more remarkable, within the group of patients with temporal lesions, while the side of temporal spikes agreed with that of the structural lesion in 22 out of 32 patients with left-sided lesions, the side of temporal spikes and structural lesions proved to be concordant in all cases with right-sided lesions (16 out of 16 patients). This difference was statistically significant (chi square = 4.56, P < 0.05, Yates' modification) ( Table 3) .
DISCUSSION
Practically, even in the post-MRI era, we depend heavily on clinical signs in localising epilepsy because MRI and other even more cost-consuming scans are not always available or optimal to every patient and because a substantial number of epileptogenic areas are hard to detect even by using any modern visualising procedure. Indeed, auras, above all, have been an especially important tool to predict localisation of epileptogenic areas. However, there is a great difference of opinions about the value of localising aura sensations, with evidence both for 2, 5 and against 3, 4 . Our results amplified the findings of Palmini and Gloor, and demonstrated an intimate interrelationship between certain aura sensations and structural lesions in corresponding parts of the brain. We concluded that somatomotor seizures, such as Jacksonian, occurred significantly more often in patients with extra-temporal lesions than in those with temporal lesions in control epilepsy patients. We also found a statistically significant predominance of psychic and autonomic auras in patients with temporal lobe lesions. The sensitivity/specificity for psychiatric and autonomic auras in the temporal group were 0.476/0.790 and 0.411/0.839, respectively. In other words, while patients with psychiatric or autonomic auras tended to have temporal lesions, there were a substantial number without such auras and with temporal lesions.
In patients with TLE, our comparison between those with hippocampal atrophy and those without revealed a statistically significant predominance of autonomic auras in the former group. A close association between medial TLE and autonomic auras was suggested by Gastaut et al. 16 several decades ago, though it seems to have been forgotten after that. Recently, however, several authors interested in the clinical features of medial TLE have focused on this predominance of viscerosensory auras, especially epigastric sensation 2, [17] [18] [19] [20] . Cascino et al. 21 reported that an MRI-identified unilateral temporal lobe structural abnormality, especially showing changes consistent with tumor or hippocampal atrophy, is highly coherent with the location of the site of seizure onset. They postulated that hippocampal atrophy had the dual meaning as an epileptogenic area (the area which causes the epileptic seizure and can be removed to control the epileptic seizures as defined by Lüders et al. 22 ) and as a structural lesion in mesial TLE. This coherent nature of hippocampal sclerosis as an epileptogenic area would partly explain the resulting consistent clinical constellation, including autonomic auras.
Psychic auras, such as the experiential one defined by Gloor et al. 5 and the illusion of familiarity proposed by Mullan and Penfield 23 , were also revealed to be correlated significantly with temporal structural lesions. In stimulation studies, Penfield and Perot 6 , after reviewing stimuli that had evoked experiential phenomena, found that most were elicited from the lateral temporal isocortex, with only a few exceptions occurring in response to basal temporal isocortical as well as medial limbic stimuli in the region of the uncus. In contrast, using the same techniques as Penfield and Perot, experiential phenomena were more commonly elicited by limbic rather than isocortical stimuli in the study of Gloor et al. 5 . Later, Gloor 24 assumed that neuronal networks engaged in experiential phenomena widely within the temporal lobe which included temporal isocortex as well as limbic structures such as amygdala, hippocampus, and parahippocampal gyrus. It should be noted, however, that in the stimulation studies, experiential phenomena evoked by medial temporal stimulations were not constantly elicited and varied per procedure, even within the same procedure. Halgren et al. 7 postulated that even the personality of the subject could modify the results. Further, Adachi et al. 1 , who studied the functional anatomy of the déjà vu experience in non-lesional TLE using interictal fluorine-18 fluorodeoxyglucose PET, demonstrated significant relative reductions in glucose metabolism in the mesial temporal structures and the parietal cortex, concluding that temporal lobe dysfunction is necessary but not sufficient for the generation of déjà vu experiences. In the current study, in contrast to autonomic auras, psychic auras proved to be associated with temporal lobe damage, however, not especially with medial temporal lobe damage. This, together with the results of previous studies, reveal that while autonomic auras could be triggered by a single step excitation of the medial temporal structure, which could be relatively easily simulated through stimulation studies, psychic auras in vivo need a more complicated process, which involves the lateral temporal structure as well. Thus, our results are in agreement with the postulations of Palmini and Gloor 2 and Adachi et al. 1 , who considered that medial temporal excitement is necessary but not sufficient to elicit experiential phenomena.
Studies of the laterality effect on the genesis of epilepsy and epileptogenic foci have been scarce. In a descriptive analysis of 158 patients with TLE, Taylor 25 reported that the age of first seizure varied systematically as a function of laterality and proposed the existence of disproportionate left hemisphere vulnerability to seizure onset in early life as an explanation. Thereafter, only a few authors have paid attention to his provocative hypothesis, which has been left neglected for a long time. Only recently, Strauss et al. 26 provided supportive evidence from a larger sample of 844 patients to this laterality effect with the genesis of seizures. In a large series study of TLE, Currie et al. 27 pointed out the dominance of left-sided EEG foci. In our series, left-sided structural lesions were over-represented, however, a predominance of left-sided EEG foci was not found. This apparent discrepancy could be supplemented and bridged by the findings derived from Hughes's observation 10 that right-sided foci remained confined to the original side for more than twice as much time than did left-sided foci. Most of the patients in our series had a long history of epilepsy, thus, if his observation is accepted, a substantial number of left EEG foci can be assumed to have been manifested bilaterally or even dextral in the course of illness, leading to a cancelling or even reversal of the initial left-sided predominance. This assumption is supported by the finding that, while left-sided EEG foci agreed perfectly with the side of MRI lesion, right-sided EEG foci were often falsely lateralised in view of the MRI lesion.
Adequate data regarding this asymmetrical distribution of the structural lesion side and EEG findings, as well as the relationship involved, are required to verify such notions as Flor-Henry's lateralisation theory of epileptic psychosis 28 . Just as in the challenging concept of Geschwind and Galaburda 29 , which linked allergic disease with anomalous cerebral dominance, the relationship between disease and cerebral dominance remains a tantalising and seducing topic to all concerned in the field of neuroscience.
